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1. INTRODUCTIOA 

The  r e a c t i o n  o f  c a r b o n  m e t h a n a t i o n  on  g r a p h i t e  s u r f a c e s  c o n t a i n i n g  

plat inum p a r t i c l e s  was s t u d i e d  c s i n g  e l e c t r o n  microscopy,  g a s  chromatography 

and thermogravimetry. I n  t h e  e l e c t r o n  m i c r o s c o p e ,  t h e  weak beam t h i c k n e s s  

f r i n g e s  ( ' )  and t o p o g r a p h i c  r e f r a c t i o n  images(2)  were used. I n  a d d i t i o n  the 

STEM m i c r o d i f f r a c t i o n  t e c h n i q u e  t o  o b t a i n  c r y s t a l l o g r a p h i c  informat ion  from 

i n d i v i d u a l  p a r t i c l e s  (') w a s  employed. 

2. ACTIVITY RESULTS 

F i g u r e  1 shows t h e  r e s u l t s  for t h e  a c t i v i t y  f o r  methane  p r o d u c t i o n  a s  

f c n c t i o n  o f  t h e  t e m p e r a t u r e .  Below 7 O O 0 C  t h e  methane c o n c e n t r a t i o n  i s  

u n d e t e c t a b l e .  I t  s t a r t s  t o  i n c r e a s e  a t  t h i s  t e m p e r a t D r e  and a maximwn is  

o b t a i n e d  a t  8OO0C. A t  85OoC t h e  r e a c t i o n  a p p r o a c h e s  t h e  t h e r m o d y n a m i c  

e q u i l i b r i u m  and t h e  c o n c e n t r a t i o n  i s  reduced. However a t  900°C i t  i n c r e a s e s  

aga in .  The TEM showed t h a t  a t  t h i s  t e m p e r a t u r e  c h a n n e l i n g  on t h e  g r a p h i t e  

s u r f a c e  starts t o  be produced.(3) Below t h i s  temperature  t h e  p a r t i c l e s  produced 

only  p i t s  i n  t h e  s u r f a c e . .  F i g u r e  2 shows a topographic  image of  t h e  channels .  

I r r e g G l a r  l a r g e  p a r t i c l e s  a r e  e x t r e m e l y  a c t i v e  i n  t h i s  r e a c t i o n  s i n c e  t h e y  

p r o d u c e  l a r g e  channels  and t h e r e f o r e  remove more carbon from t h e  s u r f a c e .  The 

weak beam image p i c t u r e  shows t h a t  the p a r t i c l e s  a r e  very  rol;gh i n  shape. They 
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are f la t  p l a t e l e t s  w i th  a t h i ckness  o f  about  100 9 .  A t y p i c a l  example i s  shown 

i n  F igure  3. It  was found  t h a t  w e l l  f a c e t e d  p a r t i c l e s  d i d  n o t  produce any  

channeling and t h e r e f o r e  they  were i n a c t i v e  f o r  t h e  r e a c t i o n .  P a r t i c l e s  i n  t h e  

s i z e  r a n g e  below 100 1 p r o d u c e d  r e g u l a r  c h a n n e l s  m o v i n g  a l o n g  

d i r e c t i o n s  o f  t h e  g r a p h i t e  i n  most c a s e s ,  i n  agreement wi th  t h e  f i n d i n g s  o f  

Baker e t . a l ( 3 )  and Tomi ta  and  T a ~ n a i ' ~ ) .  However l a r g e  i r r e g u l a r  p a r t i c l e s  

produced i r r e g l ; l a r  c h a n n e l s  n o t  o r i e n t e d  a l o n g  s p e c i f i c  d i r e c t i o n s .  The 

c h a n n e l i n g  a lways  s t a r t e d  a l o n g  edges o r  s t e p s  on t h e  g r a p h i t e  su r face .  The 

a c t i v a t i o n  energy and  r e a c t i o n  r a t e  was d e t e r m i n e d  by chromatography i n  t h e  

700-800°C range and by thermogravimetry i n  800-900° i n t e r v a l .  The r e a s o n  f o r  

t h i s  was t h a t  a t  h i g h  t e m p e r a t u r e s ,  t h e  me thane  was decomposed i n  t h e  

pos t - reac t ion  zone, p r o d u c i n g  a n  e r r o r  i n  t h e  c h r o m a t o g r a p h i c  measurements. 

The va lues  found were 43.5+4 KCal/mol and 0.0415 gr (CH4)  / h r  g r ( P T )  f o r  t h e  

a c t i v a t i o n  energy and r e a c t i o n  v e l o c i t y  r e s p e c t i v e l y  i n  t h e  700-8OO0C i n t e r v a l  

and 44.0+4 KCal/mol and 0.026 gr(CH ) / h r  g r ( P T )  for t h e  800-9OO0C i n t e r v a l .  

These r e s h l t s  shgges t  t h a t  the r e a c t i o n  mechanism i s  t h e  same f o r  t h e  whole  

r a n g e  o f  t e m p e r a t u r e s .  Mic rod i f f r ac t ion  exper iments  i n d i c a t e d  t h a t  p a r t i c l e s  

had an FCC s t r u c t u r e  cor responding  t o  a cubo-octahedron. However i n  many c a s e s  

a complex p a t t e r n  was obta ined  no t  cor responding  t o  an FCC s t r u c t u r e .  Th i s  was 
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I probably a ca rb ide  o r  a n  o x i d e .  I t  was n o t  p o s s i b l e  t o  i d e n t i f y  t h i s  phase 

univoca ly  and more exper iments  a r e  be ing  c a r r i e d  out .  The r e a c t i o n  a p p e a r s  t o  

be  produced  on t h e  i n t e r f a c e  P t -g raph i t e  and i s  always r e l a t e d  t o  p i t t i n g  o r  

channeling. The r a t e  de te rmining  s t e p  seems t o  be t h e  b reak  o f  t h e  C-C bond on 

t h e  g r a p h i t e  s u r f a c e .  The  m a i n  r a t e  o f  t h e  c a t a l y s t  i s  t o  r e d u c e  t h e  

a c t i v a t i o n  e n e r g y  f o r  t h e  b r e a k i n g  of  t h e  C - C  bond.  The a b i l i t y  o f  t h e  

p a r t i c l e s  t o  remove carbon seems t o  be r e l a t e d  t o  i t s  s u r f a c e  roughness. 

\ 
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Figure 1 .  Concent ra t ion  of methane a s  a f l inct ion of  t h e  tempera tc re .  
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Figure 3. Weak beam image of a l a r g e  p c t i c l e  showing rough su r faces .  
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